Analysis of Drug and Administrative Costs Allowed by U.S. Private and Public Third-Party Payers for 3 Intravenous Biologic Agents for Rheumatoid Arthritis
components of IV biologic therapy for RA with infliximab, abatacept, or rituximab from a payer perspective based on the actual amounts allowed by payers. Each of these agents has unique attributes and labeled administration instructions ( Table 1 ) that affect both the duration and cost of administration. 11, [13] [14] [15] [16] [17] [18] In addition to different costs of administration for label indications other than RA, these 3 drugs will likely be prescribed by different physician specialties and likely have different payer mix for indications other than RA.
■■ Methods Data Source
Data for this study were obtained from the database of Medical Present Value, Inc. (MPV, Austin, TX), a contract management company. This database was described previously in a Journal of Managed Care Pharmacy article on the subject of the costs associated with administration of IV drug therapies for metastatic breast cancer (Kruse et al. 2008) . 19 MPV maintains a contract and claims management system in approximately 200 clinics in the United States. For the present study, data were obtained from 72 clinics that treated patients with RA (identified by International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes 714.XX) and provided infusions for at least 1 of the target biologic agents at the clinic. The clinics were multispecialty clinics with at least 25 physicians per clinic, including both academic and private practices. The database contains diagnoses (ICD-9-CM codes), procedures, and drug therapies for care received by the patients in the clinics, as well as patient demographics (e.g., age, sex, and geographic region); insurance type (e.g., managed care, indemnity, Medicare, and Medicaid); insurance product type (e.g., health maintenance organization and preferred provider organization, including third-party payers for private insurance); and medical specialty of the physician. For every patient clinic visit, MPV maintains the service dates, total charged, and total actual payments, with individual services, procedures, and drugs broken out by line item (Current Procedural Terminology, Fourth Edition and Healthcare Common Procedure Coding System [HCPCS] codes). Treatment costs were determined using the payer allowed payment, which is the total contractual amount that the provider should receive, including the patient cost share. Actual allowed payment is composed of insurer plus patient payments. This calculation does not account for potential patient portions that remain uncollected or bad debts, which are considered by MPV to be very small.
Study Cohort
The study extracted all claims for patients with at least 1 diagnosis code for RA (ICD-9-CM codes 714.XX) and at least 1 claim for infliximab, abatacept, or rituximab (HCPCS codes J1745, J0129, and J9310, respectively) at any time from R heumatoid arthritis (RA) is a debilitating chronic illness with a substantial impact on an individual's cost of care and quality of life and a moderate impact on duration of life. [1] [2] [3] In the United States, RA is estimated to affect 1.3 million adults. 4 In 1998, the first tumor necrosis factor (TNF) antagonist, infliximab, was approved for the treatment of RA. TNF antagonists inhibit biochemical pathways thought to be directly involved in the pathogenesis of RA as opposed to prior disease-modifying agents, which had uncertain mechanisms of action. 5, 6 Prior to the introduction of TNF antagonists, both antiinflammatory and disease-modifying agents to treat RA were given orally or by intramuscular injection in the case of gold. Biologic molecules, such as the new generation of TNF antagonists, are large protein molecules that are inactivated by gastric action and therefore need to be administered parenterally. Intravenous (IV) and subcutaneous routes of administration are variably available for existing agents. Specialized facilities and trained staff were developed to accommodate administration of the IV agents; for agents administered subcutaneously, patient training mechanisms were established. Although these technologies and procedures were already available for many therapies, they had not been deployed within a rheumatology practice. 7, 8 In addition to the traditional reasons for choosing a particular therapy, the type of physical infrastructure available to a prescribing physician may influence the choice of medication prescribed.
Traditional reasons for medication choice have been efficacy, effectiveness, and safety, with more recent additions of formulary availability and reimbursement status. Medication decisions based on formularies and reimbursement status are greatly influenced by the cost-effectiveness of a medication. 9 Patient preference also can be a strong influence on medication choice in RA, with route of administration being an important factor in anti-TNF therapy and the IV route being the least preferred among patients currently receiving therapy. 8 Previous research with administrative claims has estimated the mean costs of medications for various TNF infusion regimens. [10] [11] [12] 11 However, these studies typically only report the direct costs of the drugs. Costs of drug administration are calculated by multiplying clinical estimates of infusion frequency by costs from fee schedules rather than from collected data on the actual allowed costs, 12 which could potentially underestimate an important cost component when cost-effectiveness is a factor in drug choice.
The objective of the present study was to assess the cost . No additional exclusions were applied. Unique patients who had these claims were identified, and all claims for these patients were additionally extracted. Numbers of patients are reported together with the overall procedure and diagnostic codes to provide a description of the patient cohort.
Outcome Measures and Analysis
Costs were calculated as the mean cost per visit in which the IV For moderately to severely active RA in adults. May be used as monotherapy or concomitantly with DMARDs other than TNF antagonists.
For RA in combination with methotrexate in adult patients with moderately to severely active RA who have inadequate response to 1 or more TNF antagonist therapies.
Dosage and administration instructions
The recommended dose is 3 mg per kg given as an IV induction regimen at 0, 2, and 6 weeks followed by a maintenance regimen of 3 mg per kg every 8 weeks thereafter for the treatment of moderately to severely active RA. Infliximab should be given in combination with methotrexate. For patients who have an incomplete response, consideration may be given to adjusting the dose up to 10 mg per kg or treating as often as every 4 weeks, bearing in mind that risk of serious infections is increased at higher doses.
Abatacept should be administered as a 30-minute IV infusion utilizing the weight range-based dosing specified (body weight of patient, dose, vials):
• < 60 kg, 500 mg, 2 • 60 to 100 kg, 750 mg, 3
• > 100 kg, 1,000 mg, 4
Following initial dose, give at 2 and 4 weeks, then every 4 weeks. Prepare using only the silicone-free disposable syringe.
Administer rituximab as two 1,000 mg IV infusions separated by 2 weeks.
• Glucocorticoids administered as methylprednisolone 100 mg IV or its equivalent 30 minutes prior to each infusion are recommended to reduce the incidence and severity of infusion reactions.
• Subsequent courses should be administered every 24 weeks or based on clinical evaluation, but not sooner than every 16 weeks.
• Rituximab is given in combination with methotrexate. Dosage forms and strengths 100 mg lyophilized infliximab in a 20 mL vial to be reconstituted in 10 mL of sterile water for injection administration of a biologic agent occurred (IV administration visit). IV administration visits were selected based on administration of an IV therapy with 1 of the 3 target biologic agents during a clinic visit and identified by the claim identification and date. All services and materials used in the IV therapy administration visit cost analysis were identified by CPT-4 codes and HCPCS codes ( Table 2 ). The primary interest was the IV administration cost as a proportion of the cost of the biologic medication; however, the cost of administration was also calculated as a proportion of the total visit cost.
Statistical tests included analysis of variance (ANOVA) and Student's t-tests, comparing outcome measures by biologic drug administered during the visit and by physician specialty. Statistical analyses were performed using the STATA release 10 statistical package (StataCorp LP, College Station, TX) and an a priori alpha level of 0.05.
■■ Results Study Cohort Characteristics
A total of 4,248 patients with 33,354 visits for IV therapy for at least 1 of the study drugs was identified: infliximab, 26,586 visits; abatacept, 4,807 visits; and rituximab, 1,961 visits ( Figure 1) . Demographic characteristics are presented in Table  3 . Approximately one-half (49.2%) of the patients were aged 55 to 74 years. Geographically, there were more patients from the southern and western parts of the United States than from other regions, and fewer patients were from the northeastern part of the United States. Most (51.3%) patients had Medicare followed by private insurance (41.4%), which included employer-based, managed care, or indemnity health insurance.
Overall Payments for Patients with RA
The mean (SD) total payment for all drugs and cost categories was $2,874 ($1,515) per visit (Table 4 ). In the per-visit analysis, the mean cost for IV biologic medication accounted for 91.0% ($2,616) of the total, IV administration accounted for 7.9% ($226), and other services provided at the visit for 1.1% ($33). Other services consist of items identified on the claims as supplies and equipment, the most common being IV needles, sterile water, dressing pads, and infusion supplies; miscellaneous drugs, such as anti-emetics, steroids, sedatives, and supplements (calcium, magnesium, vitamin B 12 , additional hydration); and a miscellaneous administrationrelated services category primarily including fluid collection and laboratory tests. Many of the items classified as other services from their description could be logically related to the cost of IV administration; however, they were not classified as an IV administration cost within the claim.
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Payments by IV Biologic Agent
The most commonly administered agent was infliximab, and the least commonly administered agent was rituximab. It should be noted that the labeled dosing interval for rituximab is longer than that for the other agents, which is evident in the lower relative number of visits for infusion shown in Table 4 . Average total allowed payments significantly differed by drug (P < 0.001 from ANOVA), with the greatest total payment per visit ($6,076) observed for rituximab compared with both abatacept and infliximab (P < 0.001, t-test). Rituximab was also associated with the greatest average cost of IV administration ($390) compared with both abatacept ($171) and infliximab ($224, P < 0.001, t-test). Expressed as a percentage of drug cost, IV administration costs were 10.5%, 8.7%, and 6.9% for abatacept, infliximab, and rituximab, respectively.
Specialty of Physician Administering the Infusion
As expected, rheumatology was the predominant specialty that administered IV biologic medications to treat RA, followed by internal medicine (Table 5 ). Within each drug category, rheumatology was associated with the greatest cost of IV administration (P < 0.001 from ANOVA), and medical oncology incurred greater costs for other services.
Payment by Payer Type, Patient Age, and Geography Significant differences in costs for study drug, IV administration, and other visit-related services and drugs were observed across payer types ( Table 6 ). The overall mean payment per visit was $3,373 for private insurance, $2,483 for Medicare, differences in the costs of administration among the medications to treat RA is most likely due to the longer administration time and other factors, such as biases in patient selection for each medication, specific labeled infusion instructions for each medication, co-administered medications, volume of medication to be infused, or potential medication adverse effects. [16] [17] [18] Rituximab in particular requires pre-medication with a glucocorticoid, which could affect the IV administration time. 22 Mean IV infusion time was found to differ significantly by biologic agent in a study of patients with RA by Yazici et al. (2009) : abatacept (42 minutes), infliximab (131 minutes), and rituximab (274 minutes). 22 These factors could not be examined within the current reimbursement dataset and could be the subject of further research.
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We found, as expected, that rheumatologists administered biologic agents to treat RA more commonly than did other specialists. Why rheumatologists had the highest allowed payments for the cost of administration is unclear; however, we speculate that they may be treating patients with more severe or advanced disease. Among the additional specialists treating RA with infused biologic agents, hematologists/oncologists and medical oncologists were unexpectedly common. Potential explanations could be their familiarity in administering infusions overall, the existence of facilities for administering infusions in oncology settings, or specific familiarity with rituximab as an oncology treatment. Importantly, the inclusion criteria for the study required an RA diagnosis to occur on at least 1 claim, and an RA diagnosis code was subsequently found to be recorded on each claim with each infusion of a biologic agent within the resulting sample.
Biologic agents were a breakthrough for the treatment of RA following the approval of infliximab in 1998 and with subsequent approval of multiple agents with similar or related mechanisms of action. The need for simplified administration regimens was among the reasons that subcutaneously administered agents, such as etanercept and adalimumab, were introduced. The quantification of the cost of the IV administration of biologic agents provides payers, pharmacists, and physicians with another piece of evidence with which to guide their choice of therapy, in addition to the medications' safety, efficacy, and convenience. and $2,773 for Medicaid, although the amount for Medicaid is based on a small number of patients. The allowed costs for IV administration were highest for private insurers ($278) and lower for Medicare ($181) and Medicaid ($105, P < 0.001 from ANOVA). Comparisons of mean drug costs, IV administration costs, and other related costs by patient age and by geographic groups showed no significant differences (data not shown).
■■ Discussion
Previous models of the cost-effectiveness of RA drugs estimated the costs of IV administration for inclusion in their calculations. These estimates often were extracted from fee schedules, rather than from actual costs of infusions 10, 20 or from unreferenced or data-on-file sources. 21 In comparison with the mean estimate of $226 determined here, other models have used lesser estimates of $129 21 and $181. 12 Differences in these costs could reflect the present study's determination of costs using the allowed payment from payers to providers, whereas other cost calculations relied on estimated rather than collected values and studied different time periods.
Although it could be argued that the costs of IV administration are small compared with drug costs, 20 the relevant comparison should be any marginal differences in comparative cost-effectiveness among medications. When choosing among medications that have different routes of administration and similar efficacy, the cost of administration could become an important consideration. The relatively high cost associated with the infusion of a medication has previously been quantified in the treatment of other conditions for which both an IV agent and an oral agent were available. 19 The costs of administering IV agents for RA are of a similar magnitude, which is likely because of the reimbursement amount associated with the J-code used in both circumstances. Consistent with previous research, 19 we also found that payments for administrative costs from private insurers were greater than those from public insurers, Medicare, and Medicaid, which likely represents mandated payment levels from these agencies rather than the negotiated rates from private payers.
The cost of administration was found to be significantly higher for rituximab than for infliximab and abatacept. The 
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Limitations
First, the data for this study were retrieved from a convenience sample generated at a particular commercial claims adjudication service, MPV. Although it is a large sample, it remains weighted toward the U.S. South and Southwest. Although it is uncertain whether there was a specific bias associated with the relative lack of East Coast clinics, the lack of significant variation between existing geographic groupings suggests good geographic generalizability to all patients who received biologic agents for RA. Second, costs of IV administration were determined only from clinic claims and were limited to services identified on the claim as an infusion administration cost. This method could have resulted in a conservative estimate of infusion costs because nonclinic and other costs are likely to be incurred. For example, indirect costs, such as travel to the clinic, lost time at work, or lost productivity were not accounted for, and potential nonclinic medical costs could also be incurred, such as late infusion reactions and complications. Third, the study was limited to patients receiving IV infusions for RA; results may not generalize to other patient populations, including those currently receiving subcutaneous treatment with biologics.
■■ Conclusions
Analysis of a large U.S. claims database showed that the average cost of administering IV biologic agents to treat RA was $226 per infusion visit, or approximately 9% of the cost of the drug itself. The percentage of costs per infusion were highest for abatacept and lowest for rituximab. Along with the usual considerations of efficacy, safety, and drug cost, infusion costs should be considered when choosing an agent and route of administration for the treatment of RA.
